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Process for the carbonylation of ethylene and catalyst system for use therein 

The invention relates to the carbonylation of ethylene using carbon monoxide in the 
presence of a catalyst system and to such a catalyst system. 



5 or water and a catalyst system comprising a Group VIII metal, e.g. palladium, and a 
phosphine ligand. e.g. an alkyl phosphine. cycloalkyl phosphine, aryl phosphine. pyridyl 
phosphme or bidentate phosphine, has been described in numerous European patents and 
patent applications, e.g. EP-A-0055875. EP-A-04489472. EP-A-01 06379, EP-A-0235864. 
EP-A-0274795. EP-A-0499329. EP-A-0386833, EP-A-0441447, EP-A-0489472, 

10 EP-A-0282142. EP-A-0227160. EP-A-0495547 and EP-A-0495548. In particular, 

EP-A-0227160. EP-A-0495547 and EP-A-0495548 disclose that bidentate phosphine ligands 
provide catalyst systems which enable higher reaction rates to be achieved 

The main problem with the previously disclosed catalyst systems is that, although 
relatively high reaction rates can be achieved, the palladium catalyst dies off quickly which 

1 5 necessitates the frequent replenishment of the catalyst and hence results in a process which 
is industrially unattractive. 

It has now been found that a particular group of bidentate phosphine compounds 
can provide remarkably stable catalysts which require little or no replenishment; that use of 
such bidentate catalysts leads to reaction rates which are significantly higher than those 

20 previously disclosed; that little or no impurities are produced at high conversions 



The carbonylation of ethylene using carbon monoxide in the presence of an alcohol 



Accordingly, the present invention provides a process for the carbonylation of 
ethylene which process comprises reacting ethylene with carbon monoxide in the presence of 
a source of hydroxyl groups and of a catalyst system, wherein the catalyst system is 
obtainable by combining: 



25 



(a) a metal of Group VIII or a compound thereof: and 



(b) a bidentate phosphine of general formula (I) 



R' 




X 



10 I 
R 6 




R° 
I 

R 7 



(D 



wherein 

R° is a tertiary carbon atom 
15 each of R\ R 2 , R\ R*. R 5 . R 6 . R 7 , R e , R*. R". R" and R" is independently a pendant 

optionally subst.tuted organ.c group wh.ch carries a carbon atom through which the group is 

linked to the respective R°. 

each of L 1 and L J is independently a linking group selected from an optionally 
subst.tuted lower alkylene chain connecting the respective phosphorus atom to the group X; 
20 and 

X is a br.dg.ng group comprising an optionally subst.tuted aryl moiety to which the 
phosphorus atoms are linked on available adjacent carbon atoms. 

in a second aspect, the present prov.des a catalyst system capable of catalysing the 
carbonylation of ethylene, which catalyst system is formed from 
25 (a) a metal of Group VIII or a compound thereof: and 

(b) a bidentate phosphine of general formula (I) 



WO 96/19434 



PO7GB95/03021 



R' 



>'2 




10 




(I) 



wherein 



R° is a tertiary carbon atom 
15 each of R\ R 2 . R 3 , R«, R*. R*. f R \ r» R». R">, r» and R 12 is .ndependently a pendant 

optionally substituted organic group which carries a carbon atom through which the group is 
linked to the respective R°; 

each of L' and L 2 is independently a linking group selected from an optionally 
substituted lower alkylene chain connecting the respective phosphorus atom to the group X; 
20 and 

X is a bridging group comprising an optionally substituted aryl moiety to which the 
phosphorus atoms are linked on available adjacent carbon atoms. 

The pendant optionally substituted organic groups, R\ R 2 . R J . R", R s , R« r'_ r° r» 
R 10 . R" and R' 2 . may be independently selected from a wide range of components. 
25 Preferably, the pendant groups are optionally substituted lower alkyl. e.g. C, e , and which 
may be branched or linear. 

Particularly preferred is when the organic groups, R\ R 2 , R\ R 4 , R 5 . R« R 7 , R» r» 
R'°. R" and R" . when associated with their respective R° carbon atom form composite 
groups which are at least as sterically hindering as t-butyl. Steric hindrance in this context is 
30 as discussed at page 14 et seq of "Homogeneous Transition Metal Catalysis - A Gentle Art", 
by C Masters, published by Chapman and Hall. 1981 . 

The linking groups. L' and L^are independently selected from an optionally 
substituted, particularly lower alkyl. e.g. C, to C 0 . substituted, lower alkylene. e.g.C, to C„ 
chain Especially preferred is when both L' and L 2 are methylene 
35 The bridging group X is an aryl moiety, e.g. a phenyl group, which may be optionally 




suPstituted Proved ma, me two phosphprus atoms are linked to adiacen, came atoms, e*. 
a m d 2 Pd»«.ons on me phenyl group Op,,pna, suPst-on p, the a* m»,e,y mav Pe 
IZLoJL groups. eg alKyl. pamcularly C,... a., alKoxy. — ■ ™° 
™my, and cyeno Fu™™ tn. ary, motety ma, oe a .used potato group. - 9 

s naonthalene, fciphenylene or indene 

Examples o. su„aPte Pidemate ligands are P,s ,d,..-Pu,yl phpsphtnp, - o - «y*ne 
,a,sp Known as 1 .2 P,s < d,-,.Pu,y,phpsph,npme,h„> benzene,, bis " 
o - xylene and b,s 1 . 2 <d,-,-euty, phospnmp, naphthalene Additional,,, me <™ 
pnjphine mav be Ppnded to a suitable pptymeno suPs,a,a via a, tees, pne o, ft. endgm 

, 0 rZx. me Ing group V or me tinKing group e.g. P,s <d,-,-du,y, phpsph.no, - • — 
may Pe Ponded »» the xylene group ,p pplys,yrene ,o g,ve en ,mmoP„e ne,erogeneous 

Ca ' a ' VS ' The amoun, o, P,den,a,e Ugand used pan vary w,m,n w,de „m„s Pre,erabl» the 
p,pen,a,e „gand ,s presen, ,n an emoun, suoh ma, » ra„o o, ,he numPer o, motes o, me 
, 5 p, ae n,a«e „gand presen, ,0 me numPer o, motes ot me Group VHI - P— • *° m 
50 e a 1 to 10 and particularly from 1 to 5 mol per mol. 

The oaropn monox.de may Pe used in ,he presenoe o. other gases which ere men ,n 
m. reecon Examptes o. suoh geses .nclude hydrogen, nitrogen, oarppn d,cx,de and me 

20 nt "' e rZZZ 7*. presenunvenhon ,s preteraPiy oamed ou, a, a .empereture «rom 
20<o250-C.,npart,cularttomaoio150-Candaspeaaltylrpm70to120C. 

The prooess may Pe conducted under a «M pressure o. from , x Iff » 100 « 10» 
N m : and ,n particuler front 5 x 10 s to 50 » 10- M m 1 . 

Suitable Group VIII me,als include eoball nickel. pa,lad,um. rhodium end ptabnum. 
25 Pen,cu,a,l, preferred ,s palladium Su„aP,e cpmppunds o. such Group V0I metals include^ 
Its o. such ma«,. wnh. or comppunds cpn^ris,-* weaMy co-erd,na,ed amons denved M 
none acd: sulphunc acd: lower alKanpie <up IP C„ > acds such as acebc acd land ^p«e 
acd: suipnonio acids such as methane su.pt»,,c ac,d. chtprpsu,phpn,c acd. «>*»°***°™ 
acd tnftuoro methane su,phpn,c acd. benzene sulphpmc acd. naphthalene sulpha acd. 
30 toluene suiphohiP ecd. e g P-,P,uene sulphpnic add. .-butyl sulphanio »d _ «d 

2J ,ydroxvpropane sulphon,c acd: sulphonated ion exchange resins: perhalic ecd such as 
~a.d : P—ated ca^pxyl* add such as mchloroacePc acd and m uor«pe,,o 
ac,d ohhophosphonc acd: phpsphornc acd such as benzene phosphpn,c acd: and ecds 
penved from interactions between cew,s acds and Broensted acds. Other source wh,ch 
35 may provide suuaple anions ,nclude the teuapheny, Porete derivatives Add,„ona„». aero 
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valent palladium compounds w.th labile ligands. e.g. tr. (dibenzylideneacetone) dipalladium. 
may be used. 

The catalyst system of the present invention may be used homogeneously or 
heretogeneously Preferably the catalyst system is used homogeneously 
5 The catalyst system of the present invention is preferably constituted in the liquid 

phase which may be formed by one or more of the reactants or by the use of a suitable 
solvent. 

Suitable solvents that may be used in conjunction with the catalyst system include 
one or more aprotic solvents such as ethers, e.g. diethyl ether, dimethyl ether, dimethyl ether 

10 of Methylene glycol, anisole and diphenyl ether; aromatic compounds, including halo variants 
of such compounds, e.g. benzene, toluene, ethyl benzene o-xylene. m-xylene. p-xylene, 
chlorobenzene. o-dichlorobenzene. m-dichlorobenzene and p-dichlorobenzene: alkanes, 
including halo variants of such compounds, e g hexane. heptane. 2. 2. 3- tnmethylpentane. 
methylene chloride and carbon tetrachloride; nitriles. e.g. benzonitrile and acetonitrile: esters. 

15 e.g. methyl benzoate. methyl acetate and dimethyl phthalate: sulphones. e.g. diethyl sulphone 
and tetrahydrothiophene 1.1- dioxide: amides, including halo variants of such compounds, 
e.g. dimethyl formamide and N-methyl pyrrolidone. 

The catalyst system of the present invention is particularly suited to the 
carbonylation of ethylene. Surprisingly, propene has been found to be difficult to carbonylate 

20 to the extent that the present catalyst system may be viewed as not being able to carbonylate 
propene. 

The end product of the reaction is determined at least in part by the source of 
hydroxyl groups that is used. The use of water gives rise to the corresponding carboxylic acid 
whereas the use of an alkanol leads to the corresponding ester. Suitable alkanols include 
25 C, M alkanols. optionally substituted with one or more substituents such as halogen atoms, 
cyano. carbonyl. alkoxy or aryl groups. Suitable alkanols include methanol, ethanol. 
propanol. 2-propanol. 2-butanol. t-butyl alcohol and chlorocapryl alcohol Particularly useful 
are methanol and ethanol. 

The molar ratio of the amount of ethylene used in the reaction to the amount of 
30 hydroxyl providing compound is not critical and may vary between wide limits, e g. from 
0.001:1 to 100:1 mol/mol. 

The product of the reaction may be separated from the other components by any 
suitable means. However, it is an advantage of the present catalyst system that significantly 
fewer by-products are formed thereby reducing the need for further purification after the initial 
35 separation of the product as may be evidenced by the generally significantly higher 




sele «,v,.y A furthar advan,a 9 a ,s M .ha Cher ccmpcnama -rf»ch aoma.n m cata**. 
sys.an, which may ba racyclad an*or rausad ,n fuhhar raacwns w,«h m,n,ma, 
supplementation of fresh catalyst 

The follow.ng Examples further .llustrated the present mvent.on 

5 Example 1 

,n th.s example methyl prop.onate was prepared from carbon monox.de and 

ethylene us.ng methanol as the hydroxy! group source 

A mechan.cal.y st.rred autoclave of 2 Htre capacty was evacuated of a,r and then 

charged with a catalyst system consisting of 
10 ~ methanol 300 cm 3 

palladium acetate 0 1 mmol 

bidentate" 0 3 mmo1 

methane sulphonic acid 0 24 mmol 
* - bis (di-t-butylphosphino) - o - xylene 
15 carbon monox.de and ethylene on an eguimolar basis was introduced unt„ a 

P ressureof30xl0^m- wasreached. The temperature of the reactor was ra,sed to and 
ma.nta.ned at 100'C. As the reaction proceeded sufficient additional methanol was 
ZLed to compensate for thatwhich had been consumed and 
and ethylene was added (on an equimolar bas.s) to ma,nta,n the pressure. No pal.ad.um 
20 precipitation was observed. 

Example 2 - Comparative 

Example 1 was repeated except that the propane analogue of the o-xy.ene 
b.dentate was used Preoption of pallad.um. with consequent deact,vat,on of the cata,yst, 

was observed within two hours. 
25 The reaction rate (expressed as mole ethylene per mole of pa.lad.um per hour), 

sefcctivity to methyl prop.onate (% by gas chromatography) and turn over "umber based on 
P hosph.ne (expressed as mole methyl prop.onate per mo.e of phosph.ne) for each of the 
catalyst systems described in Examples 1 and 2 is shown .n Table 1 below 
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TABLE 1 



PHOSPHINE 
LIGANO 


REACTION 
RATE 


SELECTIVITY 


TURN OVER 
NUMBER 


bis (di-t-butyl 
phosphino) - o - 
xylene 


40000 


99.95 


>50000 


bis (di-t-butyl 
phosphino) - 
propane 


15000 


98.00 


1700 



It can thus be seen that the catalyst system of the present invention is more stable, more 
reactive and more selective than the conventional bidentate system 
Example 3 

5 The catalyst system from Example 1 was extracted at the end of the procedure and 

reused with fresh methanol and methanp sulphonic acid The activity of the reused catalyst 
was the same as that of the original. The catalyst system of Example 2 was unable to be 
reused due to the precipitation of the palladium. 
Example 4 

10 Example 1 was repeated using the 4-nitro substituted analogue of the bidentate 

ligand which was prepared via the phosphonium salt produced from the reaction of the 
appropriate secondary phosphine with the corresponding aromatic dihalide. 
Example 5 

Example 4 was repeated using the 4-methoxy substituted analogue. 
15 The results of Example 4 and 5 were as follows: 



PHOSPHINE 
LIGAND 


REACTION 
RATE 


SELECTIVITY 


TURN OVER 
NUMBER 


4-nitro 

* 


36000 


99.9 


>25000 


4-methoxy 


37000 


99.9 


>25000 



i 

V 

Example 6 [ 

Example 1 was repeated except that an alternative source of palladium was used. 
The catalyst was prepared by mixing the bidentate phosphine. tris(dibenzylideneacetone) 
dipalladium known as dba. and suiphonic acid in a molar ratio of 2:1:3. The phosphine and 



WO 



dba were mixed together pr.or to the addit.on of the acid. 

The react.on was conducted us.ng an equ.molar m.xlure of methanol and methyl 
prop-onate at a tota. pressure of 1 5 barg (using a V 1 m.xture of carbon monox.de and 
ethylene) The reaction temperature was 80°C. 

5 Example 7 

Example 6 was repeated except that ,n the Hgand one of the t-buty. groups on each 

phosphorous atom was replaced by cyclohexyl groups. 
Example 8 

Example 6 was repeated except that in the hgand the t-buty. groups were replaced 

10 by cyclohexyl groups. 

Example 9 

Example 6 was repeated except that in the Hgand the t-buty. groups were replaced 

by isopropyt groups. 

Example 10 

1 5 Example 6 was repeated except that in the ligand the t-butyl groups were replaced 

by phenyl groups. 

Example 1 1 

Example 6 was repeated except that the linking methylene groups were both 
replaced by oxygen atoms. The phosphinite was synthes.sed from an aromafc d.ol and 
20 chloro di(t-butyl) phosphine. 
Example 12 

Example 1 1 was repeated except that the 4 t-buty» subst.tuted analogue of the 

ligand was used 

The results of Examples 6 to 12 were as follows 
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rnOorrlINc 
LIGAND 


REACTION 
RATE 


SELECTIVITY 


TURN OVER 
NUMBER 


Example 6 


12000 


99.95 


>250000 


Example 7 


500 


30 


>1500 


Example 8 


200 




' p wU 


Example 9 


200 


20 


500 


Example 10 


400 


20 


>1200 


Example 1 1 


100 


30 


<300 


Example 12 


100 


30 


<300 




! A process for the carbony.at.on of ethylene wh.ch process compnses react.ng 

ethylene w.th carbon monox.de in the presence of a source of hydroxy, groups and of a 
catalyst system, where.n the catalyst system .s obta.nabte by comb.n.ng 

(a) a metal of Group VIII or a compound thereof, and 

(b) a bidentate phosphme of general formula (I) 



10 




15 R s — * 

I 



»0 



R 7 



(I) 



wherein 

90 R° is a tertiary carbon atom 

eaC h of R' R 2 R' R". R s . R 8 . R T > R e . R 9 . R 10 ' R" ^ R" is .ndependently a pendant 
opt.ona.ly subst.tuted organ.c group wh.ch cames a carbon atom through wh.ch the group .s 

linked to the respective R°. 

each of L' and L' .s .ndependently a l.nkmg group selected from an opt.onally 
25 subsisted lower a.ky.ene cha.n connect.ng the respect.ve phosphorus atom to the group X. 



and 



X is a br.dg.ng group compns.ng an opt.ona.ly substituted ary. mo.ety to wh.ch the 
phosphorus atoms are linked on available adiacent carbon atoms 

2 . A catalyst system capable of catalys.ng the carbony.at.on of an ethylene. wh.ch 

30 catalyst system is formed from 

(a) a metal of Group VIM or a compound thereof: and 

(b) a bidentate phosphme of general formula (I) 
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L 1 




R 



10 



1 I 

R 7 

(I) 

wherein 

R° is a ternary cartoon atom 
15 each of R\ R 2 . R J . R\ R\ R*Ir\ r«, r*. R" R n and R i 2 js indep endently a pendant 

optionally substituted organic group which carries a carbon atom through which the group is 
linked to the respective R°; 

each of L 1 and L 2 is independently a linking group selected from an optionally 
substituted lower alkylene chain connecting the respective phosphorus atom to the group X; 
20 and 

X is a bridging group comprising an optionally substituted aryl moiety to which the 
phosphorus atoms are linked on available adjacent carbon atoms. 

3 A process or catalyst system as claimed in claim 1 or claim 2 wherein the pendant 

optionally substituted organic groups, R\ R 2 . R 3 , R« R* r* r* r* r* r"> r" and r** are 

25 independently selected from optionally substituted lower alkyl. 

4. A process or catalyst system as claimed in any one of the preceding claims wherein 

the organic groups, R\ R 2 , R 3 , R\ R 5 , R°, R 7 , R e , R*. R'°, R " and R » are associated with 
their respective R° carbon atom so as to form composite groups which are at least as 
sterically hindering as t-butyl. 

30 5 A process or catalyst system as claimed in any one of the preceding claims wherein 

both L 1 and L 2 are methylene. 1 
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